is isolated in 75% yield in the presence of 4-tert-butylpyridine. Compounds 1 and 2 were characterized in the solid-state by elemental analysis and FT-IR spectroscopy. Single crystal X-ray diffraction study reveals that in 1 the two four-coordinated copper atoms adopt a square planar geometry, whereas in 2 each Cu(II) metal ion shows a five coordinate square pyramidal (ONO,N + O) geometry. In each dimer, two µ-phenolic oxygen atoms bridge the two half-units forming a planar Cu 2 O 2 core.
Introduction
In recent years, there has been continuing interest in using bridging ligands in the synthesis of polynuclear complexes of paramagnetic transition metal ions. In particular, ligands which contain potentially bridging phenoxo, alkoxo or hydroxo oxygen and nitrogen donor atoms have been widely employed to build up multinuclear copper(II) complexes [1] [2] [3] [4] [5] .
Such symmetrically or asymmetrically dibridged complexes with µ-phenoxo, µ-alkoxo or µ-hydroxo di-copper(II) core have been the subject of a considerable amount of work in terms of correlating structure and magnetic properties [1, 2, [7] [8] [9] [10] [11] . Moreover, doubly phenoxo bridged binuclear Cu(II) complexes have also considerable interest as they provide the simplest case of magnetic interaction including only two unpaired electrons [2, 6, 11, 12] . And it is now established that the major factor controlling the singlet-triplet energy gap, J, between the metal centers is the Cu-O-Cu angle [8, [13] [14] [15] . Di-copper(II) derivatives are also of importance as precursors in the chemistry of supramolecular [16] and discrete molecular highnuclearity copper(II) complexes [17] [18] [19] [20] [21] .
Diprotic Schiff bases are easily prepared by 1:1 condensation of appropriate salicylaldehyde or β-diketone reagents with appropriate amino alcohol substrates under mild conditions. Upon double deprotonation, they form a group of di-negative tridentate O,N,Odonor ligands that react readily with cupric salts to produce variable-nuclearity compounds depending on the coligand [19, 22] . Thus, a N-donor monodentate coligand results in the formation of neutral mononuclear square planar ternary copper(II) complexes while square pyramidal Cu(II) compounds are obtained in the presence of a N-N chelate coligand [19, [23] [24] [25] [26] [27] . Moreover, the very popular bridging ligand 4,4'-bipyridine has been used also to construct homobinuclear copper(II) complexes [28] , acting as a linear spacer between the mononuclear units, thus allowing the investigation of the intramolecular magnetic interaction between the magnetic centers [29] .
We were interested in preparing neutral ternary mononuclear metal complexes of the type [LCu(II)(py)] with differently substituted di-anionic tridentate ONO Schiff base ligands (L 2- ) and pyridine as ancillary ligand, as building blocks for the construction of novel selfassembled push-pull systems. However, it turned out that the synthesis using three closely related nitrogenous bases as coligand, leads to the formation of two different dimeric Schiff base complexes than those expected. Herein, we report on the synthesis, spectral and structural characterization, magnetic properties and ab initio study of both compounds formulated as [Cu 2 L 2 ] (1) and [(py-tBu) 2 Cu 2 L 2 ] (2), where H 2 L is the mono-condensation product of 1-anisyl-1,3-butanedione and 2-aminophenol (see Scheme 1) . An EPR study of both complexes was also carried out.
Experimental

Materials
Manipulations of air-sensitive compounds were performed under Argon atmosphere using standard Schlenk techniques. Solvents were dried and distilled according to standard procedures [30] . 4-methoxyacetophenone, potassium tert-butoxide, 2-aminophenol, pyridine, 4-tert-butylpyridine, 4-picoline, Ethyl acetate (99%) and copper(II) nitrate trihydrate were purchased from commercial sources and used without further purification. Compound 1-anisyl-1,3-butanedione was synthesized according to the literature procedure [31] .
Characterization and instrumentation.
Infrared spectra were recorded on a Perkin-Elmer, Model Spectrum One, FT-IR spectrophotometer as KBr disks in the 4000 to 400 cm Pascal's tables [32] . Melting points were determined in evacuated capillaries on a Kofler
Bristoline melting point apparatus and were not corrected. 
Preparations
2.3.1. Preparation of [{4-MeO-C 6 H 4 -C(O)CH=C(CH 3 )N-o-
X-ray crystal structure determination
Well-shaped single crystals of 1 and 2 of suitable dimensions were coated in Paratone-N oil, mounted on a Kaptan loop and transferred to the cold gas stream of the cooling device.
Intensity data were collected at T = 150(2) K on a APEXII, Bruker-AXS diffractometer, Mo-Kα radiation (λ = 0.71073 Å), equipped with a bidimensional CCD detector and were corrected for absorption effects using multiscanned reflections. The two structures were solved by direct methods using the SIR97 program [33] , and then refined with full-matrix least-square methods based on F 2 (SHELXL-97) [34] with the aid of WINGX program [35] .
All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. All the hydrogen atoms were placed in their geometrically idealized positions and constrained to ride on their parent atoms. A summary of the details about crystal data, collection parameters and refinement are documented in Table 1 , and additional crystallographic details are in the CIF files. ORTEP views are drawn using Olex2 software [36] . 
Computational details
DFT calculations [37] were carried out with the Amsterdam Density Functional (ADF)
program [38] . The Becke approximation for exchange [39] and the Perdew expression for correlation [40] (BP) has been chosen with the TZ2P basis set [41] . The optimized geometries of both compounds 1 and 2 were characterized as true minima on the potential energy surfaces using vibrational frequency calculations.
To compute exchange couplings in 1 and 2, Complete active space self-consistent field (CASSCF) calculations [42] , including two electrons in two molecular orbitals (MOs), have been performed using the MOLCAS 7.6 package [43] to generate a reference space (CAS [2, 2] ). The dynamical correlation effects were then incorporated by using the dedicated difference configuration interaction (DDCI) method [44] implemented in the CASDI code [45] . With this approach, one concentrates on the differential effects rather than on the evaluation of the absolute energies. DDCI1 (i.e. CAS+S) involves one hole and one particle (1h, 1p, 1h1p) single excitations on the full active space. DDCI2 also accounts for the two holes or two particles diexcitations (2h, 2p). Finally, the two holes/one particle (2h1p) and one hole/two particles (1h2p) excitations are taken into account in DDCI3 (i.e. CAS+DDCI).
Since the DDCI philosophy relies on the simultaneous characterization of different spin states, which share similar spatial descriptions, one has to initially determine a set of common MOs to build up the CI space. Computed J values strongly depend on the quality of the magnetic orbitals [46] . In the present work, one uses orbitals obtained for the lowest triplet state.
Calculations have been done with C i symmetry on model dimers ensuing from the crystallographic data without any geometry optimization. All methyl groups have been replaced by hydrogen atoms. All atoms have been depicted with ANO-RCC type basis sets.
The Cu, N, C and H atoms have been described with (21s15p10d6f4g2h)/[5s4p2d1f], 
Results and Discussion
Synthesis and characterization
The dideprotonated ONO tridentate Schiff base ligand, [4-MeO-C 6 H 4 -
), employed in this work was generated in a two-step one-pot reaction by facile condensation of 1-anisyl-1,3-butanedione with 2-aminophenol, in 1:1 molar ratio, in refluxing toluene for 2 hours, followed by the double deprotonation of the yellow diprotic precipitate formed on cooling, with 2.5 equiv of tBuO -K + in THF. Pyridine based nitrogenous base (4-NC 5 H 4 R, R = H, CH 3 , C(CH 3 ) 3 ) was then added to the dark red reaction mixture before dropwise addition of a THF solution of the copper(II) nitrate salt. The solutions were stirred overnight to separate microcrystalline compounds. Subsequent recrystallization of the product from dichloromethane solution gave dark green crystals of the binuclear ONO Cu(II) Schiff base complexes 1 and 2, respectively (Scheme 1).
Scheme 1 Preparation of complexes 1 and 2
Whatever the amount of pyridine used (1 to 4 equivalents), the doubly phenoxo bridged binuclear complex 1 was always obtained and isolated in excellent yields of 80-85%.
The same binuclear derivative 1 was also isolated, albeit in a lower yield of 75%, when 4- 
Infrared spectral study
The solid-state FT-IR spectra of 1 and 2 were assigned on the basis of frequency calculations on DFT optimized geometries of 1 and 2 [37] [38] [39] [40] [41] . Table 2 
Description of the molecular and crystal structures
Perspective views of binuclear compounds 1 and 2, including the atom labeling scheme, are shown in Figs. 1 and 2 , while selected bond lengths and angles are listed in Table   3 . Compound 1 crystallizes in the monoclinic system with space group P2 1 /c, while complex 2 crystallizes in the triclinic crystal system Pī space group. In both cases, the asymmetric unit Thermal ellipsoids are drawn at 60% probability.
In both complexes, the fused five-and six-membered heterometallacycles formed upon the Schiff base condensation of anisoylacetone with aminophenol and subsequent chelation of the Cu(II) ion, are essentially co-planar. Moreover, the six-membered metallacycle is also co-planar with the anisyl substituent with dihedral angles of 3.202(3) and 0.868(2)° in 1 and 2, respectively, and of 25.60(3)° with the 4-tert-butylpyridine ligand in 2.
In addition, interatomic distances and angles (Tables 3 and 4) are indicative of substantial  delocalization of the electron density through the chelate rings.
EPR spectroscopy
The X-band EPR spectra of compounds 1 and 2 have been recorded in fluid solutions and as powdered samples at room temperature (298 K). The spectra of compound 1, recorded on a polycrystalline powder, do not show any EPR signal. In contrast, EPR spectrum of 2, obtained in the polycrystalline state at room temperature (Fig. 3) , exhibits unresolved broadband resonances, due to exchange coupling between the copper(II) ions, at g = 2.071 with a H peak-to-peak values of 71.5 G. Moreover, the spectrum showed a weak M S = ±2 half field transition (Fig. 3, insert) at g = 4.181, thus giving unequivocal proof of the existence of the triplet state (S = 1) in the solid. On the other hand, at 298 K in CH 2 Cl 2 :1,2-C 2 H 4 Cl 2 (1:1 v:v) solution (Fig. 4) , the spectrum of compound 2 exhibits partially resolved superhyperfine structure (5 lines, A N = 11.5 G) superimposed on the quartet hyperfine structure centerd at g iso = 2.101 with hyperfine coupling A Cu value of 90 G. Those data are consistent with a mononuclear copper(II) species (S = 1/2), with the Cu(II) ion in a slightly distorted square planar or square pyramidal coordination environment [26, 50, 53, 55] . 
Magnetic properties
The magnetic properties of compounds 1 and 2 have been measured from room temperature to 2 K using a constant applied field of 2 kOe. On cooling a powdered Table 4 and the magnetic orbitals of 1 are given in Fig. 7 . At the best level of calculation, i.e. CAS+DDCI, the strong antiferromagnetic behaviour of 1 is recovered whereas no interaction is calculated in the case of 2 due to a poor through-space overlap between the magnetic orbitals. Both results confirm the experimental data although in the case of 1, slight discrepancy remains between the measured and calculated exchange couplings. 
Conclusion
In this report, we have shown that treatment of the dianionic ONO-tridentate ligand 
